We examined how maternal overweight impacts full breastfeeding (BF), total duration of BF and the age of introduction of complementary foods (CFs) and whether these have effect on children's growth from 0 to 2 years. SUBJECTS/METHODS: From 1797 families participating in the STEPS Study, 848 children had data on BF and anthropometric data at 13 months and 2 years of age and were included in this study. Data on BF and CFs were collected using a self-administered follow-up diary. Information regarding maternal weight, height, pregnancy and delivery were received from maternity clinics and the National Longitudinal Census Files. The children's weight and length/height were recorded during the study visits at 13 months and 2 years. RESULTS: Overweight women breastfed fully (2.2 vs 2.8 months, Po0.0001) and totally (7.4 vs 9.0 months, Po0.0001) for a shorter time and introduced CFs earlier (4.1 vs 4.3 months, P ¼ 0.02) than normal weight women. Children of overweight women were heavier and had a higher body mass index at 2 years than children of normal weight women. At 2 years of age 30% of boys and 17% of girls were overweight or obese. However, children's obesity risk was not increased by maternal overweight (odds ratio (OR) 1.04, P ¼ 0.12). Longer duration of full BF (OR 0.86, P ¼ 0.04) and partial BF (OR 0.91, P ¼ 0.02) and delayed introduction of CFs (OR 0.69, P ¼ 0.03) were protective against obesity. CONCLUSIONS: Our study suggests that women who were overweight or obese before pregnancy breastfed for a shorter time and introduced CFs earlier than normal weight women, which may further impact children's growth. (2014) 68, 43-49; doi:10.1038/ejcn.2013.229; published online 13 November 2013
INTRODUCTION
Rates of overweight and obesity are increasing among women of reproductive age. 1 At the same time obesity is already evident in early childhood. 2 There is an undisputed need to identify early determinants of obesity. First few months after birth may be a critical window for the development of obesity. 3 Infant feeding choices may impact later obesity risk, 4 especially through breastfeeding (BF), introduction of complementary foods (CFs) and protein intake. Rapid weight gain in infancy is associated with overweight and obesity in childhood and adolescence. 5 BF has been shown to have a consistent protecting effect from obesity in childhood and adolescence. [6] [7] [8] [9] [10] [11] BF is probably also associated with slower weight gain in infancy, which may further reduce the risk of later overweight or obesity. [11] [12] [13] The protective effect of BF against obesity has received considerable interest and is, indeed, included in US recommendations to reduce the prevalence of childhood obesity. 14 Longer duration of BF is associated with delayed introduction of complementary feeding. 15 A study by Schack-Nielsen et al. 16 showed that late introduction of CFs may protect against overweight in adulthood. They hypothesized that the protective effect of longer BF against obesity may actually derive from delayed introduction of CFs rather than from BF itself. It is also known that formula milk contains more protein than breast milk that may increase the risk of later obesity. 17 Indeed, parental feeding practices during early infancy, such as BF and introduction of CFs, may be one modifiable determinant of childhood obesity. 15 Maternal obesity may increase the risk of obesity in children, owing to partly inherited and partly environmental reasons. 18 Maternal pre-pregnancy body mass index (BMI) possibly associates with infant weight gain. 15 A study showed that women who were obese before pregnancy had heavier infants at 1 year than did normal weight women, but no feeding practices were examined in this study. 19 Studies have also shown that overweight or obese mothers have a reduced duration of BF compared with normal weight women [20] [21] [22] [23] [24] [25] [26] and that maternal prepregnancy BMI, duration of BF and timing of CF introduction associate with infant weight gain. 15 A previous study showed that maternal age and education level impact timing of introduction of CFs. 27 Little is known whether overweight or obese parents introduce CFs to their children differently.
To our knowledge only few studies have investigated whether there are differences in early feeding practices, both BF duration and introduction of CFs, according to the maternal weight status. Differences in feeding practices could be one explaining factor why maternal obesity has such a strong impact on children's weight. Furthermore, it might provide one opportunity for a successful intervention period. Our study aims to provide new knowledge on whether maternal overweight affects infant feeding patterns as a whole, not only BF duration, and whether this has an effect on children's growth.
Objective
Our objective was to study the impact of maternal overweight on infant feeding patterns. Furthermore, we aimed to investigate whether maternal overweight and early feeding associate with children's growth from birth to 2 years and overweight or obesity risk at 2 years of age.
SUBJECTS AND METHODS

Subjects and study design
Altogether 1797 pregnant women and their spouses (n ¼ 1658) were recruited from September 2007 to March 2010 from maternity clinics in South-West Finland or Turku University Hospital to participate in a prospective follow-up study STEPS (Steps to Healthy Development). The study design has been described in detail previously. 28 Out of 1797 families participating in the STEPS Study, 848 children had data on anthropometric measurements at 13 months and 2 years of age and dietary information regarding full BF and introduction of CFs, and hence, were included in this study.
Written informed consent was obtained from the participants. The study protocol was approved by the Ethics Committee of the Hospital District of South-West Finland in 2007.
Dietary information
Information about BF and CFs were obtained with a self-administered follow-up diary. The follow-up diary consisted of detailed information about durations of full BF (date when started and date when ended), partial BF, referred as total duration of BF (date when started and when ended) and initiation of CFs and also information about which specific foods or food groups were given and at what age the foods were given for the first time. Also the use of formula milk was recorded. The records were collected real-time. Full BF was defined as an infant receiving no other food than mother's breast milk, except for water.
Outcome variables
Children's weight and length were obtained from the study visits at 13 and 24 months of age Weight of the children were measured to the nearest 0.1 kg with an electronic scale (ADE M12010; ADE GmbH & Co, Hamburg, Germany) at 13 months of age and thereafter with Tanita (WB110MA, Tanita Corporation, Tokyo, Japan). Lengths of the children younger than 2 years were recorded recumbent and thereafter standing heights were measured to the nearest millimeter with a wall-mounted Harpenden stadiometer (Holtain, Crymych, UK). BMI was calculated as kg/m 2 . Weight gains from 0 to 13 and from 0 to 24 months were calculated by subtracting the birth weight from the weight at 13 or 24 months of age. All children's anthropometric data were measured by health-care professionals during the study visits in Turku Institute for Child and Youth Research. The new Finnish Growth References for Children were used to determine overweight or obesity at 2 years of age. 29 These new growth references for children include age-and sex-specific BMI cut-off points, wherein age is determined by 0.01 year accuracy from 2 years of age onward.
Covariates
Maternal anthropometrics during pregnancy were measured at maternity clinics, except for maternal pre-pregnancy weight, which was self-reported. BMI was calculated as kg/m 2 . Maternal weight status was considered overweight if pre-pregnancy BMI was 25 or higher and obese if BMI was 30 or higher. Pre-pregnancy BMI was used as a continuous variable in linear regression analysis. In logistic regression we used a categorized variable of maternal overweight (yes/no). Women, who were underweight (BMI o18.5 kg/m 2 ) before pregnancy, were not included in this study. Information regarding pregnancy duration, children's birth weight and length, and the course of pregnancy and delivery were obtained from the Longitudinal Census Files and from maternity clinics. Delivery was defined as premature if the pregnancy lasted o37 weeks. Information on maternal gestational diabetes, impaired glucose tolerance or chronic diseases were obtained from maternity clinics.
Statistical methods
The t-test for independent samples and analysis of variance were used for comparison of the maternal, children's and clinical characteristics and to compare the duration of BF and introduction of CFs between overweight and normal weight women. To investigate the effect of BF and introduction of CFs on children's growth, we used linear regression analysis. These variables were coded as dummy variables with following categories: full BF o4, 4-6 and X6 months; total duration of BF o6, 6-12 and X12 months; introduction of CFs o4, 4-6 and X6 months. First, we examined the unadjusted associations between full BF, total duration of BF and introduction of CFs and children's weight gain from birth to 24 months. We then further combined these variables into model 1. Second, we examined the unadjusted associations between maternal prepregnancy BMI, full BF, total duration of BF and introduction of CFs and children's weight gain from birth to 24 months. These variables were combined into model 2. In model 2 variables were used as continuous variables, unlike model 1, where they were computed to dummy variables. After examining these unadjusted associations, we examined potentially confounding factors and adjusted the model for the following variables: infant sex, birth weight, maternal pre-pregnancy BMI (only in model 1), gestational weight gain and duration of pregnancy. A logistic regression analysis, both unadjusted and adjusted, was used to study the effect of full BF, total duration of BF, introduction of CFs and pre-pregnancy BMI on the risk of overweight or obesity at 2 years. The data were analyzed with SPSS statistical software package (version 16.0; SPSS Inc., Chicago, IL, USA) and SAS (version 9.2). Statistical level of significance was set to.05 in all analyses.
RESULTS
Study subjects
A total of 848 children (boys n ¼ 442; girls n ¼ 406) had data on anthropometric measurements at 13 months and 2 years of age and dietary information regarding full BF and introduction of CFs and were included in this study. Maternal age, education, household income or pre-pregnancy BMI did not differ between participants (n ¼ 848/1797) and nonparticipants (n ¼ 949/1797) (data not shown). Table 1 demonstrates the clinical and anthropometric data of the study children. The boys weighed more and were taller at birth and at 13 and 24 months than girls. There were no differences in BF duration between boys and girls. However, the complementary feeding was started slightly earlier (0.1 months) in boys than in girls.
Maternal pre-pregnancy overweight, BF and introduction of CFs In our study 34.7% of women were overweight or obese before pregnancy (BMI X25 kg/m 2 ). Mean BMI for all women before pregnancy was 24.2 kg/m 2 . Full BF continued on average for 2.6 months, whereas total duration of BF was 8.6 months. Normal weight mothers continued full BF longer than overweight mothers (2.8 vs 2.2 months, Po0.0001). Seventy-one percent of overweight and 62% of normal weight mothers discontinued full BF before infants reached the age of 4 months (Po0.05 between overweight and normal weight mothers, Figure 1 ). The total duration of BF was almost 2 months longer in normal weight mothers than in overweight mothers (9.0 vs 7.4 months, Po0.0001). CFs were introduced to infants on average at 4.2 months. Normal weight women introduced CF to their infants 0.2 months later than overweight women (4.3 vs 4.1 months, P ¼ 0.015).
Shorter duration of BF is associated with the earlier introduction of CFs. Duration of full and total BF correlated positively with age of introduction of CFs (R ¼ 0.55 and R ¼ 0.41, respectively, Po0.001). When full BF ended, 41% started CFs and 59% started using formula milk.
Only 2.9% of normal weight women and 1.8% of overweight women breastfed full for 6 months as recommended by WHO (World Health Organization; Figure 1 ). Eighty-two percent of overweight women and 76% of normal weight women discontinued BF before infants reached the age of 12 months (Po0.001). Thirty-seven percent of overweight women and 30% of normal weight women introduced CFs before the age of 4 months (Po0.05; Figure 1 ).
Pre-pregnancy overweight, BF, introduction of CFs and children's growth Maternal pre-pregnancy overweight had no effect on birth weight or length in boys or on weight, length, BMI or weight gain from birth to 24 months in boys (data not shown). However, girls whose mothers were overweight before pregnancy were heavier and taller at birth (3.5 kg, 50.5 cm vs 3.4 kg, 50.1 cm; P ¼ 0.007) and heavier at 13 months (10.4 vs 10.1 kg, P ¼ 0.002) and 24 months (13.2 vs 12.6 kg, P ¼ 0.001) of age and had higher BMI at 13 months (17.5 vs 17.0, P ¼ 0.001) and 24 months (16.9 vs 16.4, P ¼ 0.001) than girls whose mothers were of normal weight during pregnancy. No difference was seen for length at 13 and 24 months. Girls whose mothers were overweight before pregnancy gained more weight from birth to 24 months of age (9.6 vs 9.2 kg, P ¼ 0.006) than girls of normal weight mothers.
In Table 2 , we demonstrate the association of weight gain percentiles with maternal pre-pregnancy BMI, BF duration and initiation of CFs. Girls and boys are presented in the same table, as there were no differences in associations between weight gain percentiles and tested variables in the boys or girls. Mean weight gain from birth to 2 years was 9.5 kg (min 5.0 kg, max 17.7 kg). Maternal BMI was not significantly associated with an infant's weight gain from birth to 24 months. Longer duration of full and total BF was associated with lower weight gain during the first 24 months. Timing of introduction of CFs was not significantly associated with weight gain from 0 to 24 months (Table 2) . No difference was observed when timing of introduction of different food groups (vegetables, fruits, grains, meat, fish and dairy) was compared with weight gain during the first 24 months (data not shown). 
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Linear regression analysis was conducted to investigate the effect of BF and introduction of CFs on the children's weight gain from 0 to 13 and from 0 to 24 months (Table 3) . Longer duration of full and total BF and delayed introduction of CFs were associated with lower weight gain from 0 to 13 and from 0 to 24 months. However, if full BF continued over 6 months (n ¼ 12) and total BF duration was over 12 months, the effect would have diminished. When these variables were combined in model 1 (Table 3) , an association was seen for BF and lower weight gain from 0 to 13 and from 0 to 24 months but not for introduction of CFs.
We further expanded the linear regression analysis in Table 3 by adjusting these analyses with possible confounding factors. The confounding factors were gestational age, infant birth weight, infant sex, gestational weight gain and maternal pre-pregnancy BMI (only in model 1). After adjusting for these confounding factors only full BF remained as a statistically significant factor for weight gain from 0 to 13 and from 0 to 24 months (Table 3) . Models were adjusted for infant sex, infant birth weight, gestational weight gain, gestational age and maternal pre-pregnancy BMI (model 1).
BF, introduction of CFs and overweight or obesity at 2 years of age In our study, at the age of 2 years 30% of boys and 17% of girls were overweight and 7% and 4% obese, respectively, according to the new Finnish Growth References for Children (Table 1) . Children who were overweight or obese had higher BMI at birth and at 13 months of age when compared with children who were normal weight at the age of 2 years (Po0.05 for all, Figure 2 ). Table 4 presents the results of logistic regression analysis with overweight or obesity at 2 years as outcomes. In the unadjusted analysis, it shows that longer duration of full and total BF and delayed introduction of CFs were protective against obesity at 2 years of age (Po0.05 for all). For overweight no such tendencies were found. Maternal pre-pregnancy BMI was not associated on children's risk of being overweight or obese at 2 years. However, children of overweight women were heavier at 2 years of age (13.2 vs 12.9 kg, P ¼ 0.005), had higher BMI at 2 years of age (16.8 vs 16.5, P ¼ 0.007) and gained more weight from 0 to 2 years (9.5 vs 9.7 kg, P ¼ 0.010) than children of normal weight women.
DISCUSSION
We discovered that overweight women introduced CFs earlier than normal weight women. To our knowledge no previous study has reported this phenomenon. Previously, maternal age and education have been found to impact introduction of CFs. 27 Our study suggests that maternal overweight impacts infant feeding patterns, as women who were overweight before pregnancy also breastfed for shorter time. This result is in accordance with previous results. [20] [21] [22] [23] [24] [25] [26] Previous studies have also shown that a reduced duration of BF [9] [10] [11] and/or earlier introduction of CFs may predispose children to overweight or obesity.
In our study, normal weight women had better adherence to BF recommendations by WHO than did overweight women. Longer duration of BF and delayed introduction of CFs were protective against obesity at 2 years of age in unadjusted analysis, but not after adjusting the analysis for possible confounding factors. This may be due to high complexity of different variables, beyond those investigated here, affecting early growth that also explains the modes predictive rates of the models We found associations with full BF and children's weight gain from 0 to 13 and from 0 to 24 months. Although overweight women introduced CFs to their children earlier than normal weight women, it was not associated in early growth in our study. However, even the overweight women introduced CFs within national recommendations limit, which could explain why no association to early growth was seen. In STEPS Study, we have previously shown that overweight women have different fatty acid composition in breast milk than normal weight women, which may also impact children's growth. 30 A study by Danielzik et al. 18 showed that parental overweight increased children's risk of becoming overweight or obese. Of severely obese children, 80% had at least one parent overweight or obese and 25-30% had both the parents who were overweight or obese. We found no association between maternal pre-pregnancy BMI and child's risk of obesity at 2 years of age. However, the associations between parental obesity and children's obesity risk may not be seen until later in childhood, 18 which could explain why no association was seen. In addition, in our study most of the women were overweight, not obese, which could explain the differences in results. However, children of overweight women were heavier and had higher BMI at 2 years of age than children of normal weight women. Children of overweight women gained more weight from birth to 2 years of age compared with children of normal weight women, but this association was not seen in a linear regression analysis. All these factors can indicate the tendency to higher obesity risk at a later Figure 2 . BMI (s.e.) from 0 to 24 months in boys and girls who were normal weight or overweight/obese at 2 years of age. Differences in BMI between overweight or obese and normal weight boys and girls were all statistically significant (Po0.05).
age. A previous study has reported that obese women had heavier infants at 1 year of age, 19 which supports our findings. A study by Baker et al. 15 showed that maternal pre-pregnancy BMI, duration of BF and timing of CF introduction are all associated with infant weight gain. They also stated that pre-pregnancy BMI should be taken into account when examining the association between BF and later growth. Therefore, we included maternal pre-pregnancy BMI also in our models as a covariate.
BF and CF data were collected with follow-up diary that was self-administered real-time in order to avoid recall bias. The mean duration of BF was 8 months, which is in concordance with previous results reported in Finland. 31 Compared with a more recent nationwide survey of 5398 families from 2010 to 2011, 32 at 4 months of age BF was more prevalent in our study sample (81% in our study vs 68% in nationwide survey) as was full BF (30% in our study vs 23% in nationwide survey). However, there were some differences in data collection between our study and the nationwide survey. In USA, in 2008 44% of infants were breastfed at 6 months of age, 33 whereas in our sample 69% were breastfed at that time. In our study, the mean age of introduction of CFs was 4.2 months, which is in concordance with the nationwide survey. 32 In our study, longer duration of full BF was associated with lower weight gain from birth to 2 years. Indeed, it has been postulated that lower weight gain during infancy may reduce the risk of later obesity. 12, 13 Interestingly, in our study, the duration of total BF or timing of introduction of CFs did not have any such clear effect on weight gain from 0 to 2 years. However, longer duration of BF and delayed introduction of CFs showed a small protective effect against obesity at 2 years of age. Also, other studies have found this association. [8] [9] [10] Previously, a study by Baker et al. 15 showed that infant weight gain was associated with the duration of BF and timing of CF introduction together with maternal pre-pregnancy BMI.
Thirty percent of boys and 17% of girls were overweight and of these 7% and 4%, respectively, were obese at 2 years of age according to new national Finnish Growth References for Children to determine overweight and obesity in these children. 29 These growth references are based on measurements of 73 659 Finnish children born in years 1983-2008 and can be considered as a valid growth standard in Finnish children. Vuorela et al. 34 reported that in 2001 5.0% of boys and 10.2% of girls were overweight and 1.3% of boys and 1.1% of girls obese. Thus, our study showed significantly higher rates of overweight or obesity. However, the definition of overweight or obesity was different between our study and Vuorela et al. 34 study, as we used new Finnish growth references for children 29 and they used the International Obesity Task Force criteria. It is also possible that the prevalence of overweight or obesity in 2-year-old Finnish children has increased from 2001. Overweight at 2 years of age may predict overweight in later childhood. 35 Our study has certain strengths as well as some limitations. Regarding the former, the weight and length of the children and mothers were measured by health-care professionals, which prevented possible underreporting or overreporting. The study protocol was the same for all children irrespective of their mothers' weight status. The data on BF and CFs are explicit and recall bias can be considered as small, as the data were instructed to be collected real-time. We have anthropometrics on children only at birth, 13 months and 2 years of age that can be considered as a limitation. However, in future as the study children grow, we will expand these analyses to older children. Out of 1797 families participating in the STEPS Study, 848 children had data on BF and anthropometric measurements at 13 and 24 months of age and were included to this study. This dropout is a limitation to this study, as we have no data why others did not attend the study visits or provide information regarding BF. However, maternal age, education, household income or pre-pregnancy BMI did not differ between participants and nonparticipants.
In conclusion, maternal overweight was associated with a lower duration of BF and earlier introduction of CFs. Shorter duration of BF and earlier introduction of CFs may predispose children to an increased risk of overweight or obesity in childhood. These differences in early feeding practices between overweight and normal weight women may be one factor why parental overweight or obesity increases the risk of childhood overweight and obesity. Time of pregnancy and early infancy may also be one opportunity for a successful intervention period. An intervening obesogenic environment at home during early infancy may provide successful risk reduction with regard to childhood obesity. Additional studies are needed to investigate this phenomenon further and confirm the results seen in our study.
